This prospective study determines the degree of tracking and investigates factors predicting a rise in blood pressure (BP) quartile in a cohort of 1369 subjects who were followed for 11 years from childhood into young adulthood. In 900 of these subjects BP, height, weight, physical fitness and BP responses to a maximal exercise testing were measured both at baseline and at follow-up. BP, weight, height and body mass index (BMI) were divided into sex-specific quartiles at both examinations. Tracking was evaluated by examining the tendency of remaining in the same quartile from baseline to follow-up and by measuring product-moment correlation coefficients. Tracking in the upper and lower quartile for BP, weight, height and BMI were significant.
Introduction
Tracking of blood pressure (BP) is defined as stability of BP over time. The degree of tracking can be assessed either as the tendency to remain in a rank relative to peers in the general population over time or as the proportion of subjects staying in the same tertile, 1 quintile 2 or percentile 3 in time. The major problems when studying BP longitudinally are the inherent methodological difficulty in the BP measurement, the within-person variability, and the regression towards the mean phenomenon. However the evidence of significant BP tracking from childhood to adulthood is numerous, but the reported degree of tracking is conflicting. 2, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Factors predicting BP in adulthood from childhood variables have been investigated, 2, 3, 8, 14 and childhood BP, change in relative weight as well as BP response to an exercise test performed in childhood are the most convincing factors. In addition studies have shown that children who have a fall or a rise in BP in relation to their peers have a relative body growth similar to those who maintained their rank order as low or high respectively. 14 has investigated which factors predict rising in BP quartiles (tracking quartile) with time.
In this study a cohort of 1369 subjects from a narrow age range were followed for 11 years from childhood (8-10 years old) to young adulthood to determine the degree of tracking and investigate factors predicting a rise in BP quartile.
Subjects and methods
The results are derived from a prospective epidemiological 11-year follow-up study in a population of 1369 children (696 males and 673 females) from municipal schools in Odense, Denmark. The subjects were 8-10 years old at baseline examination and 19-21 years old at follow-up.
All measurements were performed under standardised conditions described earlier. 15, 16 Briefly, height to the nearest 1 cm and weight to the nearest 0.1 kg were measured. At baseline weight and height were measured with light indoor clothing and shoes and at follow-up without shoes. A body mass index (BMI) was calculated as weight/height 2 and used as an index of relative weight.
Resting clinic blood pressure
Resting clinic BP was measured using a random zero mercury sphygmomanometer (Hawksley and Sons, UK) and appropriate cuff sizes so that the cuff encircled the upper arm completely. The first, fourth, and fifth Korotkoff phases were recorded. In children Korotkoff phase 4 is shown to be superior to Korotkoff phase 5, whereas in adults Korotkoff phase 5 is the choice to estimate intra-arterial diastolic BP. 17, 18 Therefore Korotkoff fourth phase was used at baseline and the Korotkoff fifth phase at follow-up as the estimate of diastolic BP. At baseline a single BP measurement was performed in each subject by the same physician. At follow-up, two BPs were measured with a 1-min interval by one of two physicians. However, only the first BP measured was used in the present analyses to standardise the methods at baseline and follow-up examinations. To assess the interobserver variability between the two physicians who measured BP at follow-up, three BPs per subject were recorded independently and simultaneously with a doubleheaded stethoscope in 25 subjects before the beginning of the study and at the end of the study. Approximately 95% of both systolic and diastolic BPs obtained by observer 1 were within 5 mm Hg of that obtained by observer 2 and no significant interobserver variability was present. Subjects who took medicine or had diseases that could influence BP were excluded from the BP analysis.
Fitness test
A maximal exercise test using an electrically braked ergometer cycle (Meditronic 40-3 at baseline and EM 840 at follow-up, Siemens, Denmark) was performed to estimate Vo 2max indirectly. 15 Only subjects who had a maximal heart rate (HR) exceeding the individual 85% value of the expected maximal HR (220-age) were included in the present analyses. The difference between the resting BP and the maximal achieved BP through the test were calculated and used as BP response.
Ethics
The participants gave written consent and the study was approved by the regional scientific Ethical Committee and the Danish Data Surveillance Authority.
Statistics
BP, weight, height and BMI of each sex were divided into sex-specific quartiles at both baseline and follow-up. Thus, subjects classified as belonging to the lower or upper quartile represent those remaining in either the lower or the upper fourth of the distribution. Tracking was then evaluated by examining the tendency to remain in the same quartiles from baseline to follow-up. The chi-square test was used to compare the observed and the expected number of subjects whose BP tracked in time.
Backwards logistic regression was used to analyse variables predicting rises in systolic, diastolic or in both systolic and diastolic BP quartiles from baseline to follow-up. The independent baseline variables introduced to the models were BP, weight, height, BMI, birth weight, gender, physical fitness and maximal changes in BP through the fitness test. Changes in weight, height, BMI and physical fitness from baseline to follow-up were also included. Inclusion and exclusion criteria were set at the 5% level.
Tracking was also investigated by correlation analysis. Other studies concerning tracking used non-parametric correlation analysis, so for the comparability both parametric and non-parametric correlation analysis were applied to our data. Therefore a Pearson correlation coefficient and Spearman rank correlation coefficient were used to estimate the association of BP, weight, height and BMI between the two surveys. The Pearson correlation for BP was also estimated after adjustment for changes in weight and relative weight. The analysis was done separately for both sexes.
An independent sample t-test was used for comparison of baseline results of height, weight, BP, birth-weight and fitness between participants and non-participants. Statistical significance was at the 5% level. Statistical analysis was performed with Statistical Package for Social Sciences (SPSS).
Results

Participants
A total of 1134 subjects (83%) of the baseline population of 1369 were re-examined at follow-up. Of those a total of 900 (66%), 460 males and 440 females participated in both laboratory testing and the questionnaire except for one pregnant female who only participated in part of the laboratory test. These subjects were included in further analysis. The remaining 234 subjects were only able or willing to fill in the questionnaire. Seventeen subjects lived abroad and four had died since 1985 (three had died in accidents and one of Hodgkin Lymphoma).
The 469 non-participants at follow-up were randomly distributed with respect to the BP, weight, height and BMI quartile at baseline. There were no significant differences in either birth weight, or baseline values for height, weight, BMI, resting BP or physical fitness between participants and nonparticipants.
Both systolic and diastolic BP increased significantly through the follow-up period. For males BP was 110 ± 10/72 ± 8 mm Hg at baseline and 123 ± 12/72 ± 12 at follow-up. For females corresponding BPs were 109 ± 11/71 ± 9 and 115 ± 11/72 ± 9 mm Hg respectively.
Tracking
To illustrate the tracking phenomenon the distribution in quartiles of systolic BP, diastolic BP, weight, height and BMI at follow-up were listed for every single quartile defined at baseline for males ( Figure 1 ) and females ( Figure 2) . Tracking in the upper or lower quartile for BP, weight, height and BMI were significant and there were only minor differences between sexes in the tendency to remain in the upper or lower quartile. For both sexes there was a higher percentage remaining for weight, height and BMI than for systolic and diastolic BP. Odds ratio for staying in the upper or lower quartile through the follow-up period ranged from 1.6 to 2.4 for diastolic BP and from 2.1 to 3.1 for systolic BP.
Pearson correlation coefficients and Spearman rank correlation coefficients for systolic BP, diastolic BP, weight, height and BMI as well as Pearsons correlation coefficient for BP after control for changes in BMI are shown in Table 1 . There were no significant differences in the correlations whether the tracking was analysed by parametric or non-parametric statistics. Only small changes in the correlation were seen when controlling for changes in BMI or weight. Both for males and females the correlations were higher for height, weight and BMI than for systolic BP and correlation for systolic BP were higher than for diastolic BP. The ranges of Pearsons correlations were 0.57-0.75 for the anthropometric measurements, 0.12-0.22 for diastolic BP, and 0.34 -0.36 for systolic BP respectively. Furthermore correlation between diastolic BP determined by Korotkoff phase 5 both at baseline and follow-up was Figure 2 The distribution in quartiles of systolic BP, diastolic BP, weight, height and BMI for females at follow-up in relation to the distribution at baseline quartiles.
analysed. The correlation coefficient for males was 0.26 and for females 0.21.
Changing to a higher quartile through the followup
Results from the logistic regression analysis are listed in Table 2 . Baseline BP, the BP response to a maximal cycle test performed at baseline, as well as changes in weight or relative weight were found to be significant factors in all the final logistics regression models for predicting an upward change in systolic BP quartile, diastolic BP quartile or both in systolic and diastolic BP quartile.
Discussion
Tracking
In agreement with others 2, 19, 20 we found no significant differences in BP between the sexes in pre-pubertal children but a significant higher systolic BP in males than in females at the age of 19-21 years. There were significantly more subjects staying either in the lower or the upper quartile for BP in both males and females when compared to the expected numbers. As shown in other studies, 1,2 subjects who did not track in the first or fourth quartile moved mainly to adjacent quartiles.
Tracking of BP has been shown to be influenced by growth and development in puberty.
14 However we found significant tracking for males and females, despite the fact that subjects in the present study had matured sexually between the two surveys. The degree of tracking of BP, weight, height and BMI as well as the almost identical tracking correlations in males and females were in general within the same range found in other longitudinal studies concerning tracking from childhood to adulthood. 2, 3, 5, 19, [21] [22] [23] The minor discrepancy between the studies could be due to differences in measurement procedures, follow-up losses (dropouts) 24 or length of follow-up period. Studies of BP tracking have shown lower correlation coefficients with increasing length of time between examinations. 1, 7, 10, 19, 25, 26 The lower tracking found for diastolic BP compared to systolic BP may be due to greater difficulties in measuring diastolic BP or as pointed out by Rosner et al 27 due to the higher variability of diastolic BP when compared to systolic BP.
Problems concerning blood pressure tracking
A participation rate of 66% in the laboratory test could be an argument against the generalisation of Table 2 Factors in the final logistic models for rising in systolic, diastolic and both in systolic and diastolic BP quartile through 11 years follow-up. The odds ratio and 95% CI are given. Exclusion criteria were set at 5% level the study. However we believe that no self selection phenomenon is present and that the results are representative for the background population, because no significant differences between non-participating and participating subjects were found when comparing either anthropometric measurements, physical fitness or resting BP at baseline. The main reasons for dropouts were no response after several invitations or refusal to participate. Gillman MW et al 5, 28 found significant higher BP correlations when the correlations were corrected for within-person variability determined by repeating BP measurements taken weeks apart. They also showed that the BP variability between weekly visits was higher than BP variability between several readings at a particular visit. Introduction of weekly BP measurements is indisputably the best way to handle the within-person variability. However, this is difficult to implement in large longitudinal studies. The large within-person BP variability and the inherent methodological difficulty in BP measurement could be the main reason for the lower tracking order for BP compared to tracking of anthropometric measurements found in most studies. Another reason could be the regression towards the mean phenomenon that is an almost inevitable factor in longitudinal studies of BP with an underestimation of BP tracking as the consequence. One way of dealing with the problems when determining BP tracking is to divide subjects into quartiles for systolic and diastolic BP.
Prediction of tracking
Baseline BP, BP response to an exercise test as well as changes in weight or BMI explains 11-32% of the variability of subsequent systolic BP and nearly 10-25% of the diastolic BP in longitudinal studies. 2, 3, 7, 9, 29 These factors were also found in the final models for the prediction of rising in quartile through this 11-year follow-up. The models in the present study were not designed to predict followup BP but to compare subjects who moved to a higher quartile with subjects who either stayed or declined to a lower quartile. If regression towards the mean phenomenon was present, the baseline BP would be expected to be included as a significant factor in the models and that the odds ratios would be less than one. We found that baseline BP was a significant factor and that the odds ratios were less than one in all three models. This means that subjects having a high BP at baseline were at lower risk for rising in quartile compared with subjects with a low baseline BP.
Conclusion
In this longitudinal study of 900 subjects followed for 11 years from childhood to adulthood we found that both systolic and diastolic BP tracked significantly over time.
The existence of the inevitable regression to the mean problem in large longitudinal studies of BP was demonstrated in our study by the finding of baseline BP as a significant factor in the prediction of rising in systolic, diastolic or both systolic and diastolic BP quartile. However changes in weight or relative weight as well as BP response to an exercise test were independent variables predicting a rise in BP quartile through the 11 years of follow-up.
